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WELLBORE CLEANOUT TOOL
BACKGROUND
Technical Field
[0001] This invention relates, generally, to downhole well tools and methods used in
drilling and servicing of hydrocarbon wells, such as oil and gas wells. More specifically, this

mvention relates to tools used to clean wellbores and to clean the fluids contained in the wellbores.

Backoround Art

{0602] The invention provides a well cleanout tool, specifically, this invention relates
to teols having external cleaning elements, such as a wiper, assembled in a tubing string. These
tools are used to clean wellbores and to clean the fluids contained in the wellbores by circulating
fluids through and around the tubing string. One, cleaning method includes nmning the tool into the
well while cleaning the wellbore and forcing down the annulus and up through the tubing string.
Another method includes cleaning through forward and reverse circulation. The tool of the present

invention accommadates and can be used to perform all three methods.

[6003] As used herein, the words “comprise,” “have,” “include,” and all grammatical
variations thereof are cach intended to have an open, non-limiting meaning that does not exclude
additional elements or steps. The term “wellbore” refers to the subterrancan well opening,
mcluding cased and uncased. The term “tubing string” is used generically to refer to tubular
members positioned 1 a wellbore, such as drill pipe, tubing and the like. The terms “forward
circulation” and “reverse circulation” are used to describe well known well processes. “Forward
circulation” refers to processes wherein well fluids are pumped into the wellbore through the
interior of the tubing string and flow out of the well around the outside of the tubing string
{(anmulus). In “reverse circulation”, well fluids are pumped into the well along the outside of the
string and are discharged from the well through the interior of the string. The term “well fluids”
refers broadly to any fluids found in a wellbore. The term “wiper” is used broadly herein to refer
to a swab cup-likf: structure that extends to the wellbore wall. The wiper forms a sliding seal

with the interior wall of the wellbore and, when lowered into the well, seals against the wellbore

SUBSTITUTE SHEET (RULE 26)



wall and removes well fluids and solids that adhere to the inside of the wellbore. Typically,
wipers have one or more cup-type elements that prevent flow. Examples of wipers are illustrated
in U.S. patent numbers 6,347,667 and 6,883,605 and U.S. Publication # 2009/0126933. “Casing
centralizer” refers to the device secured around @ tubing string or fool, typically at regular
intervals, to center it in the wellbore. A “gauge ring” is a ring assembled in a tubing string or

tool used to measure, guide and centralize it in the wellbore.

SUMMARY OF THE INVENTION
[0004] Embodiments of the present invention seek to provide a tool for assembly in a tubing siring for use in
cleaning the wellbore and well fluids. The tool preferably contains wiper elements for removing
debris from the wellbore wall and or sealing the anmulus around the tool.  Valves and
passageways are provided 1 the tool to accommodate both forward and reverse circulation
to flush the debris from the wellbore.

[0604a] According to a first aspect of the present invention, there is provided a debris removing
apparatus for connection to a tubing string that is moved at the surface into & walled subterranean wellbore,
comprising: an elongated tubular shaped body having & first passageway extending through the body from
one end to the other; means on one end of the body for connection to a tubing string whereby the first
passageway in the body is in fluid communication with the tubing string; a sealing element mounted on the
exterior of the body; a second passageway in the body communicating with the exterior of said body, the
second passageway bypassing the sealing element; a valve connected to the second passageway, the valve
having a valve element, a valve seat, and an actuator element resiliently urging the valve against the valve
seat, and the valve element being moveable between a first position blocking flow through the second
passageway when the apparatus is moved in the wellbore and a second position for permitting forward and
reverse fluid circulation through the second passageway to bypass the sealing element,

iB004b}] According to a second aspect of the present invention, there is provided a method of
removing debris from a walied wellbore by inserting a tubing siring into the wellbore from the wellhead
comprising the steps of! assembling a tubular body in 2 tubing string so that a first passageway in the body
is in fluid communication with a tubing string, mounting a sealing element on the exterior of the body,
providing a second passageway in the body bypassing the sealing element and providing a valve connected
to the passageway to selectively permit and prevent flow through the passageway; placing the tubing string
and body info the wellbore thereby forming an annulus between the body and the wellbore wall; moving
the body axially along the wellbore while utilizing the sealing element fo restrict the axial flow of fluids in
the annulus past the body;, adding fiuids to the wellbore annulus while moving the body and
simultancously removing fluids from the wellbore by flowing fluids through the first passagewsy in the
body and through the tubing string; and thereafter holding the body relatively stationary in the wellbore
while adding fluids to the wellbore annuius and simultaneously flowing fluids downhole through the
second passegeway in the body to bypass the sealing element, preventing flow of fluids uphole through the

second passageway using the valve, and then flowing fluids out of the wellbore through the tubing string.



Za

BRIEF DESCRIPTION OF THE DRAWING

[0005] The drawing is incorporated into and forms a part of the specification to
illustrate at least one embodiment and example of the present invention. Together with the
written description, the drawing serves to explain the principals of the invention. The drawing is
only for the purpose of illustrating at least one preferred example of at least one embodiment of
the inventien and is not to be construed as limiting the invention to only the illustrated and
described example or examples. The various advantages and features of the various
embodiments of the present invention wiil be apparent from a consideration of the drawing in

which:

[0006] Fig. 1 is a partial section view of the wellbore cleanout tool of the present invention;

{0067] Fig. 2 1s a more detziled section view of a portion of the cleanout too] of the
present invention, in the first position;

[0008] Tig. 3 is 2 more detailed section view of a portion of the cleanout tool of the present

invention, in the second position;

[0009] Fig. 3A is a detailed view of check valve plunger of the present invention, showing

resilient sealing face thereon;
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[0010]  Fig. 4 is a more detailed section view of a portion of the cleanout 100l of the present

invention, n the third position;

{6011] Fig. 51s a view similar to Figare 4 illustrating one embodiment of the ball retainer,
and

{0612} Fig, 6 is section view of a ball retainer assembly for connection to the cleanout tool

of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

{0011] Referring now to the drawings, wherein like reference characters refer to like or
corresponding parts throughout the several figures, there is iltustrated in Figure 1, wellbore
cleanout tool 10 is positioned in a wellbore 12 forming an annuius 14 around the tool inside the
wellbore.  Typically, the wellbore 12 contains well fluids, such as drlling mud, debris such as
cuttings and the like and can be cased (as illustrated) or uncased. In Figure 1, the ammow “H”
references the uphole or well head direction, without regard to the actual physical orientation of the
wellbore. The wellbore cleanouf tool 10 has an elongated tubular shaped body comprising a main
mandrel 20 with means thereon, typically threads 22, for connecting the tool in a tubing string 16.
In the iilustrated embodiment the tool 160 is connected in a tubing string. In this embodiment the
tubing string 16 is a drill string and the tool 10 is connected in the tubing string above the drill bit
(not shown). A ceniral passageway 11 extends the length of the tool 10, as shown, and when
assembled in a tubing string the passageway is in fluid communication with the interior of the

string.

[0012] The wellbore cleanout tool 10 includes one or more sealing elements, such as,
wiper elements 30. In this embodiment, two wiper elements 30 are supported from the mandrel
20. As illustrated, the wiper elements 30 are directed down-hole away from the well head and
function 1o engage the interior of the wellbore 12 and block or restrict flow of fluids in the
annulus 14, past the welibore cleanout tool 10. Preferably, wiper elements 30 are made at least in
part from a resilient material which effectively prevents fluids from flowing along the anmulus 14
between the outer diameter of the wellbore cleanout tool 10 and the tnner diameter of the wellbore 12,

As the tubing siring 16 including wellbore cleanout tool 10 is moved (run) down-hole into the
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well (in the reverse direction of arrow H), the wiper elements 30 prevent wellbore fluids from
bypassing the tool along the annulus in the up-hole direction of arrow H. As the wiper elements
30 move into the well (slide along the wall of the wellbore) the wellbore fluids are forced ahead

of the tool 10 while welibore fluids are added to the annutus at the well head.

[0013] The lower end (down-hole end) of the wellbore cleanout tool 10 comprises a bottom
sub 40 with a means, threads 22, for connecting to a tubing string 16. Centralizers 50 may be
provided on the exterior of the tool to position the tool in the wellbore 12, and & gauge ring 60 may be
provided to ensure or verify the wellbore’s clearances/dimensions. For example, the centralizers 50

and gange ring 60 cooperate to centrally position the wiper elements 30 in the wellbore 12,

[0014] The stuctural details, advantages and features of wellbore cleanout tool 10 of the
present invention, may be best described in conjunction with & description of the three primary
operating modes/positions of the tool, 1.e., first position, tripping in the hole; second position, reverse

circulation; and third position, forward circulation.

[0015] Tripping in the hole (first position) is illustrated in Figures 1 and 2. In this first
position, the wellbore cleanout tool 10 acts substantially as a "solid tool,” i.e., one comprising simply
a mandrel with down-hole directed swab cups on the exterior. Wellbore cleanout tool 10 has an
open central bore 11 connected to the interior of the tubing string. It being understood that there
may be additional tubular members and tools connected below wellbore cleanout tool 10, such as, a
drill bit. As wellbore cieanout tool 10 is lowered into wellbore 12, sealing wiper elements 30
(create a seal between the tool and the interior wall of the wellbore 12} force the well fluids along the
only available flow path, which is down-hole along annutus 14.  Ultimately, the weil fluids flow into
the lowermost end of the tubing string and back up the bore of the tubing string, through the central
bore 11 of the wellbore cleanout tool 10 and uitimately to the surface. Tripping occurs during
drilling operations when it is necessary to replace the drill bit by removing the drill string and
thereafter reinserting the string in the wellbore. Typically, the weilbore walls and wellbore fluids
will contain heavy debris, such as, rock cuttings and caked mud. As the tool is lowered into the
well the wellbore wall contacied to dislodge debris and the debris laden wellbore fluid 1s circulate up

the drifl string,

SUBSTITUTE SHEET (RULE 26)



WO 2011/017165 PCT/USI016/043397

[0016] Reverse circulation (second position) is ilfustrated in Figure 3. Figure 3 jllustrates
the wellbore cleanout tool typically maintained in this position. Generally, in reverse circulating, fluid
is pumped down the annulus 14, and back up the central bore 11 of the welibore cleanout tool 10
and up through the tubing string to the surface. With wellbore cleanout toal 10 positioned at a
desired downhole location within a wellbore 12, fluid is pumped into the annulus 14 at the surface.
Wiper elements 30 block or restrict passage of the fluid by wellbore cleanout tool 10. During
reverse circulation, the wellbore cleanout teol 10 allows fluids enter a second passageway to

bypass the wiper elements 30, as shown by flow arrows 112.

[0017]  As s illustrated in Figure 3, well fluid flows into and through a second set of
passageways 15 in wellbore cleanout tool 10. These passageways are formed by slots in the
slotted mandrel 25. The bypassing flow 1s identified by flow arrows 112. The slotted mandre] 25
has longitudinally extending slots in its internal wall and is mounted around the mandrel 20. The
slots form flow passageways 15 along the exterior of mandrel 20. These passages extend under

(from above to below) the wiper elements 30 to bypass the wiper elements.

[6018]  Asis illustrated in Figures 3 and 3A, a check valve is positioned at the lower end
of the passageways 15 to permit well fluids to flow downhole past the wiper elements but prevent
fluids from flowing up-hole through passageways 15. The check valve comprises an annular
plunger 70 resiliently urged by spring 80 ito contact with a plunger seat 72 to close off the lower
end of passageways 15. The valve element or plunger 70 is connected to an outer sleeve 90 by
screws 95. The sleeve 95 and plunger 70 are mounted to longitudinally slide along the exterior of
the tool. Plunger 70 has a sealing face 70a that slides in and out of contact with the plunger seat

72.

[0019] When fluid is pumped down the annulus 14, fluid will enter passageways 15 and
fluid pressure will impose a downward force on check valve plunger 70, Check valve plunger 70 is
normally resiliently urged upwardly by spring 80 or other biasing means. When the pressure is
raised to a sufficient value, the resulting force on check valve plunger 70 will move the check

valve plunger 70 off of plunger seat 72. Once check valve plunger 70 is unseated, fimid will flow
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back into the anmulus 14, down the annulus 14 to the lowermost end of the downhole assembly,
and back up the bore of the downhole assembly (including wellbore cleanout tool 10) to the
surface. In this marmer debris laden wellbore fluid is flushed out of the fubing string before

drilling begins.

[0020] Forward circulation (third position) is illustrated in Figure 4. Generally, in forward
circulation, fhuid is pumped down the bore of the tubing string, through the bore of the downhole
assembly (including wellbore cleanout tool 10) to circvlate back up the tubing string/casing annulus
14 1o the surface as shown by fiow arrows 114. For example, during drilling fluids are pumped
down the tubing string to the drill bit. A ball is dropped or pumped down the tubing string to
change the wellbore cleanout tool 10 from the reverse circulation position illustrated in Fignre 3

fo the forward circulation position illustrated i Figare 4.

[0021]  As illustrated in Figure 4, ball 100 is dropped or pumped down the tubing string
until it contacts and rests on an annular seat 102 on inner sieeve 110. Inner slecve 110 is
connected by screws 115 10 the outer sleeve 90 to move with the outer sleeve 90. As pressure on
the fluid in the central bore 11 1s increased, a downward force is applied to the ball 100
and plunger 110. As 1llustrated in Figure 4, a sufficient pressure and resulting force will
compress spring 80 and move the ball 100, seat 102 and plunger 110 downward. This
downward movement aligns ports 200 and 300 and opens ports 400, and thereby creating a
third set of passageways. This third set of passageways bypass (as indicated by arrows
114) the ball 100,

{0022] The downward movement of the valve plunger 70, also moves sealing face
70a axially away from plunger seat 72 allowing fluid back to the well head to bypass the

wiper elements 30 by way of passageways 15 and flow to the surface along annulus 14.

[0623] In an alternative embodiment, the ball 100 is assembled and retained in
the tool before the tool is lowered into the well. In Figure 5, the ball 100 is retained in the
bore by a ball 500 protruding into the central bore 11. The ball 500 mounted in a socket in
the wall of mandrel 20. When circulation is reversed the ball 100 is prevented from

flowing up the central bore 11 by interfering contact with the ball 500. 1t is envisioned
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that in place of the ball 500, pins, screens or the like could be mounted to extend inward

from wall of the mandrel 20,

[0024]  InFigure 6, an alternative ball retaining assembly 600 is illustrated. This
ball retaining assembly 600 has an axial passageway 612 with threads 602 at both ends for
assembly into the tubing string 16 above the tool 10. A retainer 604 is pivotally mounted
at 606 to rotate between a position wherein the retainer 604 is retracted into recess 608 and
a position illustrated in Figure ¢ wherein the refainer extends into passageway 612. A
spring 610 is connected to the refainer 604 and resiliently urges the retainer into the
position iilustrated i Figure 6. As the ball 100 moves down the tubing string it moves
past the retainer 604 by rotating the retainer 604 into the recess 608. When reverse

circulation occurs, the ball 100 will move up central bore 11 until it contacts and 1s held

below retainer 602.

[0025] In operation the wellbore cleanout tool 10 is assembled into a tubing string,
such as a drill string, and lowered into the well, As the tool 10 is lowered into the well, the
wiper elements 30 engage and shide along the wellbore wall dislodging debris and forcing
the fluids in the well to move down the annulus 14 and back up through the tubing string
16. When the tool reaches its end position, reverse circulation 1s started and continued
until the well fluids are completely flushed from the tubing string. Thereafter, drilling
operations can be started a well fluids supplied to the drill bit using forward circulation.

[0026] While the preceding description contains many specificities, it is to be
understood that same are presented only to describe some of the presently preferred
embodiments of the invention, and not by way of limitation. Changes can be made to
various aspects of the invention, without departing from the scope thereef. For example,
dimensions and materials can be changed to suit particular situations; the cleanout tool can
be run in conjunction with other apparatus; and various methods of use of the cleanout tool

may be employed,
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[6027] Therefore, the scope of the invention is not to be limited to the illustrative
examples set forth above, but encompasses modifications which may become apparent to

those of ordinary skill in the relevant art.

[0028]  Also, the terms m the claims have their plain, ordinary meaning unless
otherwise explicitly and clearly defined by the patentee. Moreover, the indefinite articles “a”
or “an”, as used in the claims, are defined herein to mean one or more than one of the element
that it introduces. If there is a conflict in the usages of a word or term in this specification and
other patent(s) ot other documents, the definitions that are consistent with this specification

shouid be adopted.
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What is claimed is:

L. A debris removing apparatus for connection to a tubing string that is moved at the surface into a
walled subterranean wellbore, comprising:

an elongated tubular shaped body having a first passageway extending through the body from one
end to the other;

means on one end of the body for connection to a tubing string whereby the first passageway in
the body is in fluid communication with the tubing string ;

a sealing element mounted on the exterior of the body;

& second passageway in the body communicating with the exterior of said body, the second
passageway bypassing the sealing element;

a valve connected io the second passageway, the valve having a valve element, a valve seat, and
an actuator element resiliently urging the valve against the valve seat, and the valve element being
moveable between a first position blocking flow through the second passageway when the apparatus is
moved in the wellbore and a second position for permitting forward and reverse fluid circulation through

the second passageway te bypass the sealing element.

2. The apparatus of claim 1 wherein the sealing element is of a size and shape to contact and

dislodge debris from the wall of the welibore.

3. The apparatus of claim 1 wherein the sealing element comprises a seal means for restricting fluid

flow in the anmules past the body.

4. The apparatus of claim 1 wherein the sealing element is made in part from resilient material.

5. The apparatus of claim 1 wherein the actuator element is a spring.
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6. The apparatus of claim 1 wherein the valve comprising a valve means for permitting flow through
the second passageway during forward circulation and reverse circulation and for preventing flow through

the second passageway during movement of the body in the wellbore.

7. The apparatus of claim 6 wherein the valve means prevents flow through the second passageway

during movement of the body in a direction away from the surface.

8. The apparatus of claim 1 additionally comprising a ball and a ball seat in the first passageway, the
ball mounted to be movable into and out of contact with the ball seat, and wherein the ball seat is attached
to the valve element and wherein movement of the ball seat, when fluid is pumped into the tubing string
and acts on the ball seated on the ball seat, moves the valve element into a second position permitting

forward and reverse fluid circulation through the second passageway to bypass the sealing element.

9. The apparatus of claim 1 additionally comprising a plunger mounted for axial movement in the
first passageway between a. first position and a second position, the piunger being operably associated
with the vaive element, a ball located in the first passageway, a ball seat on the plunger enclosing the first
passageway, the ball mounted to be movable into and out of contact with a ball seat whereby when the

ball is in contact with the seat the first passageway is closed.

10. The apparatus of claim 9 additionally comprising a third passageway in the body bypassing the

seat when the plunger is in the second position.

11. The apparatus of claim 10 wherein the third passageway comprises ports in the plunger and body.
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12, A method of removing debris from a walled wellbore by inserting a tubing string into the
welibore from the wellhead comprising the steps of:

assembling a tubular body in a tubing string so that a first passageway in the body is in fiuid
communication with a tubing string, mounting a sealing elfement on the exterior of the body, providing a
second passageway in the body bypassing the sealing element and providing a valve connected to the
passageway to selectively permit and prevent flow through the passageway;

placing the tubing string and body into the wellbore thereby forming an annulus between the
body and the wellbore wall;

moving the body axially along the wellbore while utilizing the sealing element to restrict the axial
fiow of fluids in the annulus past the body;

adding fiuids to the welibore annulus while moving the body and simultanecusly removing fluids
from the wellbore by flowing fluids through the first passageway in the body and through the tubing
string; and thereafter

holding the body relatively stationary in the wellbore while adding fiuids to the wellbore annulus
and simultaneously flowing flnids downhole through the second passageway in the body to bypass the
sealing element, preventing flow of fluids uphole through the second passageway using the valve, and

then flowing fluids out of the welibore through the tubing string.

13. The method of claim 12 additionally comprising the step of flowing fiuids into the wellbore while
simuitaneousty flowing fluids through the second passageway in the body to bypass the sealing element

and flow out of the wellbore through the wellbore annulus.

14. The method of claim 12 wherein the moving step additionally comprises dislodging debris from

the welibore wall during the moving step.

15. The method of claim 14 wherein the step of dislodging debris from the wellbore wall comprises

contacting the wellbore wall with the sealing element.

16. The method of claim 12 additionally comprising the step of assembling a drill bit in the tubing

string.
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17. The method of claim 13 additionally comprising the step of assembling a drill bit in the tubing

string,

18. The method of claim 16 additionally comprising the step of drilling using the drill bit.



